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Aim. To develop a model to study the interaction between tumor and stromal cells in three-dimensional culture.
Methods. Cultivation of HeLa cell lines and human dermal fibroblasts in monolayer and three-dimensional
culture, immunofluorescent and immunohistochemical analysis. Results. In this work we present an approach
based on a direct interaction between the cells of multicellular tumor spheroids and spheroids of fibroblasts.
Subsequent immunofluorescence analysis allows to determine an origin of cells in the area of their contact.
Conclusions. This model will be useful to study the basic mechanisms of carcinogenesis, and to find targets for
anticancer therapy.
Keywords: interaction of stromal and tumor cells, three-dimen- sional cultures of malignant cells, multicellular
spheroids.
Introduction. The growth and development of a
malignant tumor in organism occur in the context of
complex homo- and heterotypical intercellular inter-
actions that have significant effect on the survival and
proliferation of tumor cells as well as on the processes
of invasion, angiogenesis and metastasis [1]. Fibro-
blasts are the main cellular component of the malignant
tumor stroma. They have been shown to secrete the
components of extracellular matrix such as fibrillar
collagens, fibronectin and tenascin C along with the
production of a considerable amount of auto- and para-
crine growth factors [2, 3]. Besides, fibroblasts have
also been shown to participate in extracellular matrix
remodeling via the secretion of several kinds of proteo-
lytic enzymes, such as matrix metalloproteinases
MMP2, MMP3 and MMP9 [1].
Cancer cells are known to modulate the properties
of surrounding connective-tissue stroma and change its
features, thus creating favorable microenvironment for
further tumor progression. The process of malignant
tumor development involves the activation of stromal
fibroblasts, similar to that observed during wound
healing and tissue fibrosis [3]. The process of fibroblast
activation includes the change in a number of morpho-
functional features as well as in the expression of some
specific biochemical markers, such as smooth muscle
actin, fibroblast-specific protein (FSP) and fibroblast-
activating protein (FAP) etc. The activated fibroblasts
stimulate further tumor progression through the secre-
tion of a high number of growth factors, hormones and
cytokines, including PDGF-/, TGF1, bFGF, IL-6,
LPA and eicosanoids; they also affect the tumor
development via establishment of direct intercellular
contacts and remodeling the surrounding matrix [1, 4].
The tumor-associated fibroblasts do not only stimulate
the proliferative activity of tumor cells, but also
participate in the initiation of their epithelial-mesen-
chymal transition. In addition, they are capable to ini-
tiate the formation of cancer stem cells phenotype in the
population of malignant cells [4] and play an important
role in the formation of organ-specific metastatic
niches, which are favorable for the extravasion of circu-
lating cancer cells and the formation of secondary
tumors [5].
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In vivo and in vitro experiments have demonstrated
that stromal elements affect the sensitivity of malignant
cells to anti-cancer drugs and participate in the forma-
tion of tumor chemoresistance. At the same time there
is convincing evidence of the fact that in some cases the
normal cellular microenvironment is capable to affect
the development of a malignant tumor, decreasing its
proliferative activity and reducing the risk of invasion
[6]. Therefore, heterotypical in vitro models employing
stromal cells (e.g. fibroblasts) may become a conve-
nient tool for investigation of molecular basis of
reciprocal effect of stromal and transformed cells and
their role in the initiation and inhibition of oncogenesis
processes. Moreover, they will supply the information,
required for the development of new approaches to
prevention and therapy of oncological diseases [2, 4, 6].
There are a lot of methods which have been applied
to study intercellular interactions in vitro, including
indirect methods, based on the determination of the
effect of a conditioned medium, obtained from fibro-
blast or other stroma cells, on the behavior of cancer
cells in cell culture, different technologies for co-cultu-
ring cells of two and more types, etc. Both two- and
three-dimensional systems, consisting of two and more
cell types are used as well as other additional modi-
fications [7, 8].
The main advantage of three-dimensional cultiva-
tion is the maintenance of the polarity and morphology
as well as of the similarity of gene expression profile
and activation of intracellular signaling cascades,
specific for the initial tissue. It has been demonstrated
that cultured cells in 2D and 3D conditions significantly
differ in a variety of morphological and biochemical
parameters, including the expression of receptors to the
growth factors and a number of paracrine regulators, as
well as in the level of proteolytic enzyme activity,
migration ability and sensitivity to some therapeutic
agents [8].
There are a number of approaches to organotypic
three-dimensional cultures, the most often used is the
formation of multicellular spheroids of one or more cell
types.
To obtain three-dimensional cellular aggregates the
cell suspension is applied to Matrigel or non-adhesive
substrate like agarose or their analogues, which pro-
motes the initiation of intercellular contacts and the
formation of multicellular spheroids [7]. Recently, the
increased application of 3D culture allowed the deve-
lopment of a great number of methods to obtain these
aggregates, beginning from traditional techniques, like
a hanging drop method, the roller flasks method and the
sandwich method, and up to the creation of various bio-
engineering systems and microreactors for rapid isola-
tion of multiple spheroids [8, 9].
The study of cancer and stromal cells behavior in
three-dimensional conditions gives a better understan-
ding of the heterotypical intercellular interactions in the
structure of a malignant tumor and of the role of stroma
components in the regulation of different stages of
oncogenesis [9, 10]. The following methods are most
frequently used to obtain heterotypical aggregates: the
formation of spheroids of a mixed type from the cell
suspension, the cultivation of spheroids of one type of
cells with a monolayer of cells of another type, the
addition of the cell suspension to formed spheroids of
another type of cells [10, 11].
Here we present the method based on the inter-
action of two types of multicellular spheroids origi-
nated from human fibroblasts and HeLa cells.
Materials and Methods. Cell culture. HeLa cells
originated from human cervical carcinoma were cul-
tured in the DMEM medium (Sigma, USA) supple-
mented with 10% fetal calf serum (FBS, Hy Clone,
USA), 50 units/ml penicillin, 50 µg/ml streptomycin, 4
mM glutamine (PAA, USA) until reaching 80–90 %
monolayer confluence. Then the cells were detached
using 0.25 % trypsin-0.02 % EDTA (PAA) solution
and calculated in Goryaev's chamber. 1 % agarose gel
was prepared ahead of time (#11400, Serva, USA) and
autoclaved. 1 ml of hot agarose was layered in the wells
of 24-well plate. After cooling it was washed with the
serum-containing medium. Approximately 5·103 cells
were added to each well and cultivated for 5 days to
observe the formation of multicellular aggregates.
The primary culture of human dermal fibroblasts
was kindly provided by K. A. Nizheradze (A. V.
Dumansky Institute of Colloid and Water Chemistry,
NAS of Ukraine). The fibroblasts were cultivated in
F-12 medium with 10 % fetal bovine serum, 50 units/ml
penicillin, 50 µg/ml streptomycin, 4 mM glutamine. As
described above for HeLa cells, the fibroblasts were
trypsinized by 0.25 % trypsin-0.02 % EDTA solution.
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5·103 cells per well were transferred into the 24-well
plate, covered with agarose to allow the formation of
multicellular aggregates. After five days of cultivation
the aggregates, formed by HeLa cells and fibroblasts,
were placed in one well and their fusion was observed.
The aggregates were fixed in 10 % formalin, paraffin
sections were obtained by the standard histological
method.
The immunohistochemical and immunofluorescent
analysis. The histological sections were boiled in 10
mM citrate buffer, pH 6, in the microwave oven (700
W) twice for 5 min with the 5 min break, for antigen
retrieval procedure [12]. The autofluorescence of
specimens was inhibited by the addition of 10 mM
copper sulfate, 50 mM ammonium acetate buffer, pH 5,
for 20 min at room temperature. The epithelial antigens
were determined using mouse monoclonal antibodies to
cytokeratins (anti-Pan cytokeratin, Clone 11, Sigma) in
1:100 ratio, and the fibroblasts – using antibodies to
vimentin (Dako, Denmark) in 1:100 ratio. The visu-
alization of antigens was conducted using secondary
anti-mouse FITC-stained antibodies (Jacksonimmuno-
research, USA), and the immunoperoxidase reaction –
using Ultra Vision LPValue Large Volume Detection
system (Thermo Scientific, USA). The specimens were
analyzed using Leica DM 1000 microscope (Germany).
Results and Discussion. The problem of inte-
ractions between a malignant tumor and its stroma is
very complicated. Earlier it was demonstrated that
during the initial stages of breast cancer formation the
stromal compartment can significantly inhibit the
tumor growth and spreading, but at the later stages it
may stimulate the tumor progression [5]. The problem
of bilateral interactions of tumor and stromal cells has
been a subject for a great number of studies, thus many
models have been elaborated to investigate these inte-
ractions. The current work presents a modified ap-
proach to the modeling ofstroma-tumor interaction.
Classic models suggest the use of mixed cell sus-
pension, placed in non-adhesive conditions. Our work
presents the method, based on the interaction of already
formed multicellular aggregates of fibroblasts (as main
cellular stromal elements) and tumor cells. This ap-
proach enables studying the direct interactions between
tumor cells and fibroblasts using morphological and
immunohistochemical methods.
The initial culture of dermal fibroblasts was ana-
lyzed by the immunohistochemical method using anti-
bodies to the surface antigen of human fibroblasts; no
cells with negative reaction were observed (the data are
not presented). The mentioned fibroblasts served as a
source to obtain multicellular aggregates, spheroids.
HeLa cells formed spheroids on the second day of
cultivation on the agar coated surface. The fusion of ag-
gregates was observed during the co-cultivation of fib-
roblast spheroids and HeLa spheroids on the following
day (Fig. 1, see the insert). In many cases the number of
fibroblast spheroids was lower than the number of He-
La aggregates. In course of the interaction of aggrega-
tes, formed by HeLa cells with the fibroblast aggrega-
tes, the epithelial cells tended to locolize on top of the
fibroblast spheroids, that corresponds to the general
histogenesis mechanisms (Fig. 2, 3, see the insert).
After the completion of cultivation term the combined
three-dimensional cell cultures obtained were fixed
with 10 % formalin and the paraffin sections were pre-
pared according to the histological protocol. Immuno-
fluorescent analysis was applied to determine fibroblast
and epithelial cells in the formed aggregates. The nuclei
of cells were stained with the propidium iodide. A
strong immunofluorescent reaction with antibodies to
the surface of human fibroblasts on monolayer culture
was observed, but there was a considerably weak reac-
tion on histological sections. Therefore, the antibodies
to vimentin were used to distinguish epithelial cells and
fibroblasts. Strong immunohistochemical reaction
with anti-vimentin antibodies was observed in fibro-
blasts from the sections of interacting aggregates, but a
weak reaction was present in HeLa cells as well, which
corresponds to the literature data (Fig. 4, 5, see insert).
Thus, the character of reaction in the cells was ob-
viously different. The antibodies to epithelial antigens
have demonstrated a positive reaction in HeLa cells, but
there was no reaction in fibroblasts (Fig. 2, 3, see insert).
So, we managed to fix the area of the contact of
tumor cells and fibroblasts at the histological sections
of 3D cultures. This co-culture of stromal and mali-
gnant cells will be used in our further research on the
intracellular signaling in tumor cells and fibroblasts.
The presented model to study the interaction
between tumor and stroma can be useful for the
investigation of both fundamental mechanisms of
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Fig.1. Co-culture of
spheroids of human
dermal fibroblasts and
HeLa cells. a - 1 day of
cultivation. Oc. 10x,
Ob. 20x; b - 4 days of
cultivation. Oc. 10x,
Ob. 10x
HeLa
Fibroblast
Fig.2. Multicellular aggregate obtained after fusion of spheroids of
HeLa and fibroblast spheroid. Immunoperoxidase reaction (brown
staining) revealed epithelial, cytokeratin positive cells surrounding
fibroblast spheroid. Oc. 10x, Ob. 10x
Fig.4. Immunofluorescent revealing of vimentin (fibroblast inter-
mediate filaments) in spheroid formed fibroblasts. There is a green
staining of cytoplasm. Oc. 10x, Ob. 40x
Fig.3. Immunohistochemical revealing of epithelial antigens
(cytokeratins, intermediate filaments of epithelium) in HeLa cells
forming spheroid. Oc. 10x, Ob. 40x
HeLa
Ôèáðîáëàñòû
Fig. 5. Immunofluorescent detection of fibroblast by vimentin content
(green) in aggregate in co-culture of HeLa and fibroblast spheroids.
Cell nuclei are stained with PrI. Oc. 10x, Ob. 40x
carcinogenesis and the search for new anticancer the-
rapy targets.
Å. À.Øêàðèíà, Î. Â. ×åðåäíèê, È. À. Òèõîíêîâà, À. È. Õîðóæåíêî
Ìîäåëü in vitro äëÿ èçó÷åíèÿ âçàèìîäåéñòâèÿ ñòðîìàëüíûõ êëåòîê
è êëåòîê îïóõîëåâîãî ïðîèñõîæäåíèÿ
Ãîñóäàðñòâåííàÿ êëþ÷åâàÿ ëàáîðàòîðèÿ ìîëåêóëÿðíîé è êëåòî÷-
íîé áèîëîãèè
Èíñòèòóò ìîëåêóëÿðíîé áèîëîãèè è ãåíåòèêè ÍÀÍ Óêðàèíû
Óë. Àêàäåìèêà Çàáîëîòíîãî, 150, Êèåâ, Óêðàèíà 03680
Summary
Öåëü. Ðàçðàáîòàòü ìîäåëü äëÿ èçó÷åíèÿ âçàèìîäåéñòâèÿ îïóõî-
ëåâûõ è ñòðîìàëüíûõ êëåòîê â óñëîâèÿõ òðåõìåðíîé êóëüòóðû.
Ìåòîäû. Êóëüòèâèðîâàíèå êëåòîê ëèíèè HeLa è äåðìàëüíûõ
ôèáðîáëàñòîâ ÷åëîâåêà â ìîíîñëîéíîé è òðåõìåðíîé êóëüòóðå,
èììóíîôëóîðåñöåíòíûé è èììóíîãèñòîõèìè÷åñêèé àíàëèç. Ðå-
çóëüòàòû. Ïðåäëîæåí ïîäõîä, áàçèðóþùèéñÿ íà èññëåäîâàíèè
íåïîñðåäñòâåííûõ âçàèìîäåéñò- âèé êëåòîê ìíîãîêëåòî÷íûõ
ñôåðîèäîâ îïóõîëåâûõ êëåòîê è ñôåðîèäîâ ôèáðîáëàñòîâ. Ïîñ-
ëåäóþùèé èììóíîôëóîðåñöåíòíûé àíàëèç äàåò âîçìîæíîñòü
îïðåäåëèòü ïðîèñõîæäåíèå êëåòîê â çîíå èõ êîíòàêòà. Âûâîäû.
Îïèñàííàÿ ìîäåëü áóäåò ïîëåçíà êàê äëÿ èçó÷åíèÿ áàçîâûõ ìåõà-
íèçìîâ êàíöåðîãåíåçà, òàê è ïðè ïîèñêå ìèøåíåé äëÿ ïðîòèâîî-
ïóõîëåâîé òåðàïèè.
Êëþ÷åâûå ñëîâà: âçàèìîäåéñòâèå ñòðîìàëüíûõ è îïóõîëåâûõ
êëåòîê, òðåõìåðíûå êóëüòóðû çëîêà÷åñòâåííûõ êëåòîê, ìíîãîê-
ëåòî÷íûå ñôåðîèäû.
Ê. À. Øêàð³íà, Î. Â. ×åðåäíèê, ². Î. Òèõîíêîâà, À. ². Õîðóæåíêî
Ìîäåëü in vitro äëÿ äîñë³äæåííÿ âçàºìîä³¿ ñòðîìàëüíèõ êë³òèí ³
êë³òèí ïóõëèííîãî ïîõîäæåííÿ
Ðåçþìå
Ìåòà. Ðîçðîáèòè ìîäåëü äëÿ âèâ÷åííÿ âçàºìîä³¿ ïóõëèííèõ ³ ñòðî-
ìàëüíèõ êë³òèí çà óìîâ òðèâèì³ðíî¿ êóëüòóðè.Ìåòîäè. Êóëüòè-
âóâàííÿ êë³òèí ë³í³¿ HeLa ³ äåðìàëüíèõ ô³áðîáëàñò³â ëþäèíè â ìî-
íîøàðîâèé ³ òðèâèì³ðí³é êóëüòóð³, ³ìóíîôëóîðåñöåíòíèé òà
³ìóíîã³ñòîõ³ì³÷íèé àíàë³ç. Ðåçóëüòàòè. Çàïðîïîíîâàíî ï³äõ³ä, ùî
áàçóºòüñÿ íà äîñë³äæåíí³ áåçïîñåðåäíüî¿ âçàºìîä³¿ êë³òèí áàãà-
òîêë³òèííèõ ñôåðî¿ä³â ïóõëèííèõ êë³òèí ³ ñôåðî¿ä³â ô³áðîáëà-
ñò³â. Ïîäàëüøèé ³ìóíîôëóîðåñöåíòíèé àíàë³ç äàº ìîæëèâ³ñòü
âèçíà÷èòè ïîõîäæåííÿ êë³òèí ó çîí³ ¿õíüîãî êîíòàêòó. Âèñíîâ-
êè. Îïèñàíà ìîäåëü áóäå êîðèñíîþ ÿê äëÿ âèâ÷åííÿ áàçîâèõ ìåõà-
í³çì³â êàíöåðîãåíåçó, òàê ³ çà ïîøóêó ì³øåíåé äëÿ ïðîòèïóõëèí-
íî¿ òåðàï³¿.
Êëþ÷îâ³ ñëîâà: âçàºìîä³ÿ ñòðîìàëüíèõ ³ ïóõëèííèõ êë³òèí,
òðèâèì³ðí³ êóëüòóðè çëîÿê³ñíèõ êë³òèí, áàãàòîêë³òèíí³ ñôåðî¿äè.
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